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A phased approach is being used to develop these guidelines. During the first phase an
overview of the guidance was produced along with its initial chapter which examines tillage
and residuemanagement practices. Additional chapters not completed though anticipated
for inclusion in the overall guidance are listed below. Thed®pterswill be completedin the
following several yearsProducers who are interested water qualityuidance relatedo
practices not yet addressed can contact Ecol@g&griculture and Water Quality PlanndRon
Cummings aton.cummings@ecy.wa.goer (360)4076795.

Chapterl Cropping MethodsTillage & Residue Managemeiiiraft completed (March2020)
Chapter 2Cropping MethodsCrop Systerin development

Chapter 3Nutrient Managemerdin development

Chapter 4Pesticide Managemerh development

Chapter 5Sediment Control: Soil Stabilizati@Sediment Capture (Vegetativl) development
Chapter 6Sediment ControlSoil Stabilization & Sediment Capture (Structuhailevelopment
Chapter 7Water Managementlrrigation Systems & Magementin development

Chapter 8Water Management: Field Drainage & Drain Miznagementin develgpment
Chapter QWater ManagemensStormwater Control &iversionln development

Chapter 10Livestock ManagemerRasture & Rangeland Grazimg development

Chapter 11Livestock Managemerinimal Confinement, Manure Hanallj & Storagdn
development

Chapterl2 Riparian Area& Surface Water Protectiein development
Chapter 13Suites of Recommended Practidesdevelopment

AppendicesPractice Effectiveness Syntheses and Implementation Considerations
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https://fortress.wa.gov/ecy/publications/SummaryPages/2010008.html
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Introduction

The purpose of thiguidanceis to describe best managemeptactices(BMPsYhat agricultural
producerscan use to pratct water qualitylt is intended taboth support healthy farmsvhile

helping producers meet clean water standardhefederalClean Water Act requires the

Department of Ecology (Ecolodgg)develop and maintain guidanaa BMPs to protect water

guality. Section 319 of the Clean Water Act requires tBate nonpoint source (NPS)
YEYF3ASYSy(d LINBPINIYa GaARSYyGAFTe o0Sad YrylF3aSySyl
OFGS3aA2NE I yR &adz OF (i S ®Haidaiice fioi th¢idtell ISiAtasy § & 2 dzZND S & X
Environmental Potection AgencyEPA further establishes that statBlPSnanagement

LINE AN YA Ydzad Ay OfdzRS 'y AGARSYGAFAOFGAZY 2F Y
used to control NPS pollution, focusing on those measures which the state believes wilkbe m
STFSOUADBS Ay | OKAS@GAY 3 | YR SédtigngidPrbgfainy 3 2 | G4 SNJ
Guidance: Key Components of an Effective State Nonpoint Source Management Program
(November 2012).

Guidance Development and Content

The Voluntary Clean Water Guidarfoe Agriculture is being developed in a series of chapters
with ongoing collaboration and advice fraan advisory group which includes Conservation
Districts, the State Conservation Commission, the Washington State Department of Agriculture,
the Natural Resources Conservation Service, the Environmental Protection Agency, the
Northwest Indian Fisheries Commission, and other agricultural and conservation experts.
Chapters 112 address different types of conservation practices, such as tillage and residue
management practices (addressed in Chapter 1), and provide information on:

1 Practices that best prevent water pollution and protect water quality;

1 Anticipated performance of BMPs relative to specific types of water quality pollutants;

1 How BMPs can be implemeed to bestprotect water quality in most situations; and

1 Implementation considerations such as capital costs, operation and maintenance costs,
and equipment requirements, with an emphasis on providing practical information that
can help producerdetermine how to incorporate a BMP into their agricultural
operation.

The final chapter (Chapter :Fuites of Recommended Practiz@sll provide information on
the combinations of reammended practices from the pri@hapters that different types of
agricultual operations can implement to address their operation specific water quality
concerns (i.e.¢control ofnutrients, pathogens, pesticides, sediment, and temperatuf@iven
the amount of information included in this guidance and its inherent complexii)l be
reviewed and updated periodicalty reflect implementation experience aras new technical
information becomes available.
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Page | described a list of the planned chaptérdgescription of theadvisory grougprocess is
available at thecology websiteand a list of advisory group members is included in the
acknowledgements.

Decision€oncerningmplementtion Remain in the Hands of Producers

Not all practices will apply to all production operatioifis guidance does not prescribe a
single approach or set of practices for all farongreatenew regulatory requirements
GCompliance with the Stat&Vater Pollution ControAct, which protects state waterspntinues
to berequired of farmers jusasit is required of

developers anathers.However decisiors about how The Voluntary Clean Water Guidan
to achieve compliancebout whetherto implement for Agriculture is intended as
recommendedBMPsand aboutwhichpractices to technical resource for the agriculturz

community and to complement
existing guidance on agricultur:
conservation practices, such as tt

choose remainin the hands of the producethis
guidance is intended as a technical resource to supp

and inform those decisions. Natural Resources Conservatic

) . i Services (NRCS) Field Office Techr
Developing guidance fahe agricultural sector Guides (FOTGs). It does not replz
presents challenge&achfarm is unique, and each the FOTGs or the farm plannir
producer § managing a unique set of site, soibp process and does nastablish new

types, economics and available incentives, producer ngu'f‘f‘_toéyhreq“i:]emﬁjnés- The _SMF
confidence in the practic@nd climate factors. 'dentiiied here shoulc be considere

. . during the farm planning process ar
Gonservation planning often addresses numerous when producers are making decisiol

conservation and production goalsf, whichwater about which practices to implemen
quality protedion islikely only a partThis guidance Qprotectwater quality. j
assessesommon conservation practicesiented at

protecting water quality. tecommendsBMPsthat

best protect water quality and support meeting water quality standaEtlogy recommends
that this informationbe considered during the farm planning process and whesducers are
deciding which practicete implement.

If an operation usesuites ofpractices consistent with the recommendations in thigiidance
and appropriate toall farm-specific pollutants andvater quality concerns Ecology will
presume that water quality is being adequately protected by the operatidProviding this
certaintyand predictabilityto producers and farm planners is one of the main goals of this
guidance.

Alternative Practices

Producers are not required to use the practices recommended hel@wvever, sing the
recommendedoractices has the advantage of providing practiesed certainty and
predictability because the practices have been specifically evaluated for their protetion
water quality
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Producersmay choose to demonstrate to Ecology that alternative management practices are as
effective in preventing water pollution for their operatioti a producer decides tgo this

route, Ecology recommends thepnsult with the rgional NRCS office or local conservation
district for technical assistance. Ecology remains responsible for deternifiniager qualityis
protected.

How Ecology Will Use this Guidance

Ecologywill use this guidancen makingfunding decisions for gramrograms, to inform
watershed cleanup plansy provide certainty and predictability to produceimd to provide
technical assistance, education, and outreathis guidance can also be used by other natural
resource programs to support their recommenduats to landowners when developing projects
to protect water quality-Table 1 describes intended audiences and uses for this guidance in
more detail.

Table 1. Intended uses amalidiencedor this agricultural BMP guidance.

Uses Intended Purpose Audience
Ecology Funding Inform changes to the funding guidelines § Grant Recipients
Guidelines (e.g. additional/new BMPs that could be § Ecology Grant Managers

eligible;developdesign criteria to achieve
optimal pollutant removal effectiveneys

TMDLs Provide technical information to support 9 EcologylfMDLstaff
(watershed clan- implementation plans and describe { TMDL implementation
up plans) practices b achieve reductions necessar, partners

to meet load allocationsThe
recommended BMPs will be used as a
starting point but may be modified basec
on watershed specifiinformation or

modeling.
Technical Provide technical information about BMF  Ecology nonpoint fieldtaff
Assistance that are effective at preventing water 1 Conservation DistrictsC(),
pollution and support meeting water Natural Resources
quality standards. Conservation Service
(NRC} Local Government
staff
Education and Provide technical information on BMPs { Ecology communications
Outreach effective at preventing water pollution an staff
that support meetingwater quality 1 CDs, local governments,
standards Can be used to help develop  NRCS, other water quality
outreach materials. focused groups
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Uses Intended Purpose Audience
1 WSU Extension

Certainty Provide certainty tglanners and 9 Landowners/ Agriculture
landowners (i.e. what practices are producers
effective at potectingwater quality
standards)

As described earlier, & produceruses suites of practices consistent with the recommendations
in this guidance and appropriate to all faigspecific pollutants and water quality conmos,

Ecology will presume that water quality is being adequately protected by the operation.
However, despite this presumptioif,there is a documented dischargé pollution to state
watersthat has asignificant impact on human health or the environmgBtology may take
additional action, even if BMPs are in pladdditional actions could includ&orking with a
producer to implement additional practices to improve execution of existing practices

In addition, the practicespecific effectivenessfarmation in this guidanceand the associated
technical documentationcould be used as a starting point for developatgading programA
trading program requirea system that quantifies expected pollutant reductions. The
effectiveness information ithis guidance provides reference information that can be used for
developing a system to make those calculations. However, this guidance does not provide the
specificity necessary to implement a trading prognaithin a particular watershed-or that to
occur aditional workthat quantifies pollutant reduction levelsill be required.More

information on water quality trading can be found 6nO2 f 2 38 Q& ¢ So LJ- 3 S
https://ecology.wa.gov/WateiShorelines/Wateiquality/Water-quality-permits/WaterQuality
individuatpermits

! https://ecology.wa.gov/WateiShorelines/Watequality/Water-quality-permits/WaterQuality-individuatpermits
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Chapter 1
Cropping Methods: Tillage & Residue Management

Voluntary Clean Water Guidance for Agriculture

Prepared by
Washington State Department of Ecology
Water Quality Program

February2020
Publicaion Number20-10-008

The Department of Ecology is committed to providing people with disabilities access to
information and services by meeting or exceeding the requirements of the Americans with

Disabilities Act (ADA), Section 504 and 508 of the Blfa¢ion Act, and Washington State
Policy #188.

To request an ADA accommodation, cont&cblogy by phone at 36007-6600 or email at

Ron.Cumming®ecy.wa.gov. For Washington Relay Service or TTY call 711-883386341.
VisitEcology's websitéor more information
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Acronyms

CD Conservation District

BMPs Best managemenmractices

CT Conservation tillage

EPA Environmental Proteabn Agency

EQIP Environmental Quality Incentives Program
FOTGs Field Office Technical Geisl

MT Mulchtillage

NPS Nonpoint Source Pollution

NRCS NaturalResources Conservation Service
NT No tillage

PNDSA Pacific Northwest Direct Seed Association
RUSLEZ2 Revised Universal Soil Loss Equation, Version 2
SOC Soil organic carbon

STIR Soil tillage intensity rating

T-Factor Soil loss tolerance factor

TMDL Total Maximum Daily Load

WEPS Wind Erosion Prediction System

WSDA Washington State Departmeinf Agriculture
WSU Washington State University

Table of Units

Abbreviation Meaning

Kg/M3 Kilogramper cubic meter

Mg/ha Megagram (16 grams) per hectare. (A megmam is equivalent to a
metric ton.)

Mg/ha-yr Megagram (16 grams) per hectare perear

mm/yr Millimeter per year

Publication 2610-008 March 2020 2a



Chapter 1¢ Tillage and Residue Management

Thischapterdescribes tillage and residue management practices that support healthy farms
and help producers meet clean water standards. It is intended as a technical redoutbe
agricultural community and to complement existing guidance on agricultural conservation
practices, such as the Natural Resources Conservation SR@ECS) Field Office Technical
Guides (FOTGS). It does not replace the FOTGs or the farmnglanoiess andloes not
establishnew regulatory requirements. However, this guidance should be considered when
identifyingtillage practices intended to protect water quality asdipportmeeting Washington
State water quality standards. Ecology will usis guidance to help make funding decisions for
grant programs, to inform watershed cleanup plans, and to provide technical assistance,
education, and outreach.

Importantly, this guidance does not prescribe a single approach or set of practices fonsl fa
Ecology recognizes the#commendedillage andresidue management practices magt be
applicable or desirable for all production operatiofology also recognizes that for most
operations multiple conservation practicesll beimplementedas partof the farm planning
process to meet conservation goaBeparate chapters of this guidance evaluatieer practices
including cover cropping, filter strips, buffers, and other practibesugh the lens of water
guality and identify those that best supfianeeting water quality standards. ChapteriBen
completed will describseveralcommonagricultureoperations and the suies of practices that
Ecology recommends to protect water qualifyhelntroductionprovides more information
includingwhy Ecolgy is required to develop and maintain guidance on best management
practices to protect watequality and how the guidance will be used.
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It provides important context which is not repeated here, so we encourage readers to start
there even iftheir primaryinterest is in tillage and residue management practices.

Definitions of Tillag8ystemsas Used in this Document

Tillage is the manipulation of soil with the purpose ~ ~
of pre!oarlng a' seedbgd, mallnaglng.pchslrvest crop STIR Value

organic material (residue), incorpating
amendments such as fertilizers, weed control, and | The STIR value is theilSillage Intensity

removing compactionTillagecan be divided into Rating. It utilizes the speed, depth, surfa
; . disturbance percent and tillage typ
conventional and conservatignased systems. : : :
) ] . parameters to calculate a tillage intensi
Conservation tillage includea spectrum of rating for the system used in growing
practicessuch asho-till, strip-till, direct seed, ridge crop or a rotation. STIR ratings show t
till and mulch tilthat minimize surface soil differences in the degreeof soil
disturbance while retainingurface cropesidueto disturbance among tillage practice

Lower numbers indicate less oversdiil

control erosion. It is often defined by the retention i
isturbance.

of at least 30%esiduecover d the soil surface at
the time of plantingThe Natural Resources g J
Conservabn Service (NRCS) uses the soil tillage

intensity rating (STIRplueto provide a relative indication of tillageased soil disturbance.
NRCS has two conservation tillage practice standards:

1 Residue and Tillage Management,-INtl (329)STIR <20; and
1 Residue and Tillage Management, Reduced Till 8RR <80.

Conventional tillageincludes more intensive tillage methods such as the use of a moldboard
plow and is characterized by full field soil inversion with STIR values typically greater than 80
and the majority of croprelated residue buried in the process.

In WashingtorStateno-till, strip-till, direct seed, reduced tillage (ridge till and mulch till), and
conventional tillageare all commonly usedlhese systems can be considered on a scale of
tillage intensity and percent of soil disturbed, with-tilbhaving the lowest tillage intensity and
lowest soil disturbance and conventional tillage having the highest tillage intensity and highest
soil disturbance. Imo-till systems producers plant dire¢y into crop reside that has not been
tilled. Planting is completed usiragnotill hoe or disk drillln strip-till, the soil is tilled and crop
residue is removed from narrow strips where the crop is to be planted. The resaitered
area between thetsips is left undisturbed. Idirect seed there is no full width tillage and
fertilizing and plantings generally accomplished in two to three passésillage implements
across fieldslInridge till, planting is completed in a seedbed prepdren ridges, with furrows
protected by crop residua between theridges Inmulch till, tillage is completed with chisels,
field cultivators, sweeps, or bladeBable 2presents a relative comparison thfese tillage
approachesn terms of intensity and residue geration.
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Table2. Comparison of common tillage practices

Number of STIR Level of Residual
Practice Passes Value** Tillage Intensity Residue Maintained**
No-Till 1-2 <20 Low High
Strip-Till 1-2 <20 Moderate-low Moderate-High
Direct Seed 2-3 Xo n Moderate-low Moderate
Ridge Till 3-5 <80 Moderate LowModerate
Mulch Till 3-5 <80 Moderate LowModerate
Conventional Tillage 5-10 >80 High Low

* Generally associated with the tillage practice.

** STIR isaNRCS metric indicating the level of sastdibance Values for netill, strip-till, ridge till and mulch till wre taken
from NRCS FOTG standards 329 and 345.

**Crop residue coverage is dependent on the crop type and can be highly vaiileise are relative amounts of residue
maintained afterplanting independent of previous crop.

Use of ConservatieBased Tillage PractidesProtect Water Quality

From a water quality perspectivee primaryaim of conservatiorbased tillage and residue
management is to reduce erosion by minimizing soilwlisinceand maximizing the retention
of crop residue on the soil surfadggollectively, tillage and residue management practices are
consideredsource control practice because they can significantly redwded and water
generatederosion from occurringin addition, sirface crop residugalong with subsurface root
structures, provides fundamental organic material to maintain and build soil organic matter.

The impacts of soil erosion to aquatic resourcas besignificant. Sediment, and attached
nutrients and toxicants, adversely impact the physical halaitet thechemical and biological
attributes of receiving waterslillage and residue management practices that minimize erosion
address the following pollutantsediment, nutrients, pathogens, and p&stles (toxicants).
Erosion is influenced by multiple factors including rainfall intensity and duration, soil texture,
field topography, tillage methodand soil vegetative cover. Many of these factors cannot be
controlled.However, producers can signdiatly decrease erosion frorheir fields through
conservation tillage methods and residue management.

When tillage and residue management practices are being used to protect water quality,
producers should try to:

1 Minimize soll loss from fields; and
1 Maximize the retention and enhancement of soil organic matter.

As further discussed iilme Chapter JAppendixPartA, @nservation tillageand residue
managemenpractices provide benefits to soil healtihaddition to their pollution control
benefits.
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Minimizing soil disturbances helps preseveneficial soil structurencreased soil organic

matter results in greater soil aggregation and soil porosity, which results in higher water
infiltration ratesreducing runoff anadedudngthe risk of erosionThe staldization and
enhancement of soil organic matter also provides additional chemical, physical, and biological
benefits from both crop productivity and erosion control perspectiv@therbenefits include
increased nutrient availability and utilization, emfwaed resistance to pH change, and enhanced
microbial diversityaiding the suppression of disease and gest

ChapterOrganizatiorand Use

The rest of thischapteris divided intathree parts

1 902t gechmshdtons fortilage and residue managementguticesthat are
effective in protecting water quality.

1 Chapter 1AppendixPartA provides an examination of the relationship between crop
residue levels and its role with erosion control and soil organic matter content,
providing a basis for thiguidane.

1 Chapter 1AppendixPartB describes implementation consideratioanad resources
associated with conservation tillage and residue managemesttimes This igo help
producers determine how these practices might be appropriate to their operations.
Addtionally, there is a synthesis of this information with antlineof EO2 f 2 38 Q&
research and findingconcerning tillage systenegfectiveness and implementation
considerations
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Recommendations for Tillage and ResidBeactices to
Protect Water Quality

The purpose of this guidance is to help producers understand what tillage and residue
management practices are most effective at protecting water quality.

TAftEFr3S YR NBaAaARdZS YFylFr3aSYSyid LINI OGAOSa oAff
water quality in many places, especially dryland or low irrigation agriculture andregitiue

crops. Tillage and residue management are likely less applicable for operations that produce

root crops and othelow-residue crops (e.g., row vegetables)far some operations thaare

situated in areas of wet, slow draining soil, or flood prone arEasthese types of ops and
areas other practices may be morapplicableto protect water quality.

Primary Recommendatiofgr Tillage and Residue
Management

E@ f 2 3 & Qa forusimy RiIagg 8 residue management to address water quality concerns
is based on two general crop groupings: hegia low level®f postharvest residue production.

For higher residue cropa minimum residue coverage targ@r alternatively a maximum STIR)

is recommended to protect water qualitizor low residue cropproducers should try to

minimize tillage while maximizing the production of residue within the overall rotation.
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Additionally, supplementing residue with cover crapsausing alternative pretices that can
trap sediment may beecessary to protect water qualitit.is recognized that not all crops
generate the level of residuecommendedo provide water quality protection.

For both groups, it isnpossible to comietely prevent all erosion and surface water runoff
solely using tillage and residue management practiEeslogy anticipates that, where selected
by producers for implementationjllage and residue managemepttacticeswill be

implemented along with othepracticesappropriate to the operatiorto fully address
operationspecific water quality concerr{gse., nutrients, pathogens, pesticides, sediment, and
temperature).

Higher Residu& PerennialCrops

Representative crops include: short grains and ceréag, winter and spring wheat, barley,
and corn) and forage crops (g.gay, alfalfa).

For high residue and perennial cropg,drotect water quality, a conservatidmased tillage
systemshouldachieve:

1 Aresidue coverage of 60%r more. The residue @verage expectation is based on the
minimumresidue coveragebserved from harveghrough the nexiplanting; or

1 ASTIR of 30 or ledsased on NRCS guidarar&d calculation tools(In some areas of the
state higher residue crops, because of site spedafitors (e.g. soils, annual rainfall,
etc.), cannot achieve the recommended residue leMelshose caseqroducers should
utilize conservation tillage systems that meet the SEF®MmMendation.

(The underlying analysis used to determine these guidareties is provided itChapter 1
AppendixPartA.)

Residue coverage of 608n providean effedive erosion protection of approximateB0%as
compared to conventional tillagén generglwhile awider variety of tillage options are
availableto produceswho growhigher residue cropghis residue level is best achieved

through natill or direct seed tillage systems. Both systems minimize tillage and provide a
higher retention of surface residues, while protecting surface sbisebyfostering the

building of soil organic matteDepending on site specific factors this recommendation can also
be achieved with otheconservationbasedtillage systemge.g, mulch ftill)

LowerResidueCrops

Representative crops include: @abes, onionspeas, beanandlentils.
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Potato Crop in Eastern Washington

The tillage practices commonly used for vegetabl® cropstend to require higher soil
disturbance. The combination of high soil disturbance and low restharacteristic of the
production of these cropsmpacts soil organic matter retentioand soil structureincreasing
the susceptilility to erosion.

The use of conservation tillage systems may noapplicablefor somevegetable row crop(or
other) operationseither because of the growing requirementstbé type of crop €.g., root
crops) or the climate and site setting (e.g., wet or slow draining aréésije conservation
tillage practices such atrip-tillage are viable for some vegetalstav cropproduction, and
have been used effectively for oniomgaluctionin Washington, they are not commonly used
and may not bepplicablefor other crops Other low residue cropsiayhave a wider range of
tillage options available including #itl and direct seed systems.

Because conservation tillage may notpuessible or the best option for some low residue crops,
producers of these crops might choose to use different practices (e.qg., filter stoipey;

cropping) to address water quality concerns. payducers oflow residue cropsvho choose to
use conservatin tillage practicesto protect water qualitya conservatiorbased tillage system
should:

1 Achievea STIR of 30 or leémsed on NRCS guidance and calculation #0al30 STIR is
achievdle for the type of aop grown(There are many vegetabl®w crops e.g., root
crops where achieving alBR level below 30 is hpossiblegiven the planting and
harvest methods required for those crgjpor
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1 Minimize tillage to the maximum extent possible andigplement residue cover to
achieve 6(Qpercentsoil coverage Producers can increase soil cover at critical times by
planting inrrow cover, planting posharvest cover crops, double cropping, and/or
through crop rotation planningand

1 Use supporting sediment trapping BMRe protect water quality from erosion in sas
where it cannot be controlled in the fiel&ror example, ediment trapping BMBswhich
will be addressed i€hapters.

Additional Guidance and Technical Assistance Support

These secondary recommendations are provided to help ensure that the primary
recommended BMPs are effective protecting water quality

Residue Management

1 Residue should be spread evenly and stubble and root structures retased (
appropriate to the crop type

1 Management of residue should not inclubdarning

1 If postharvest reside is harvested for other purposes, removal should not exceed
levels required to maintain 60 percent residue cover after planting.

1 Crop rotation planning should factor in the levels of pbatvest residue produced and
maintained.

1 Avoidfall tillage excepto plant a double or fall crop or when establishing a cover crop.

Soil Organic Matter and Soil Structufeetention and Promotion

1 Maximizeliving plant cover to sustain }orhizal fungiand otherbeneficial soil
organisms

Technical Assistance aRdrmPlanning

Producers are encouraged to consult witie regional NRCS or local conservation district (CD)
office for technical assistance specifidto ¥ I opdrafioéa.NRCS and conservation districts
can provide assistance regarding conservation tillageoopas well aropping alternatives

for a particular operation given its setting asie-specificfactors. They can also assist in
calculating STIR valuasdestimaingthe generation and retention of residue throughout the
rotation. Financial assistece may also be available to help transition to conservaktiased
GAfE13IS FYR NBAARAZS YIFIyYylF3aSYSyid LINI OGAOSa
Producersare alsoencouraged to contadEcologywith questionsregarding this guidance.

Informationon how to find your local CD is available from 8tate Conservation Commission
https://scc.wa.gov/conservatiomistrictmap!/.

You carfind your local NRCS field office
https://www.nrcs.usda.gov/wps/portal/nrcs/main/wa/technical/cp/
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Supporting Practicdsr Controlling Erosion and Surface Water Runoft
Hfective water quality protection and compliance with watguality standardsequiresa
combination or system of practicés fully address all concern€ommon pactices that
complement tillage and residue managemémtiude those thatrap sedimenthat leaves the

field, filter pollutants,and protect sensitie areasThese practices are listed below
Recommendation®n use of these practices to address water quality concerns will be covered
in other chapters in this guidance in the future. Producers who would like information on these
practices relative to war quality concerns before these other chapters aeveloped should
contact Ecology

Sediment Control PracticesVegetative (alternative field cover practice option)

1 Covercrop

Sediment Controk Vegetative (additional practices to trap or contain sedéent from erosion)

1 Field border

Filter strip

Grassed waterway
Vegetativebarrier
Vegetatedireatmentarea
9 Fieldwindbreak

= =4 4 2

Crop Systems (additional practices to reduce transport within the field)

1 Contour farming

1 Alleycropping

9 Conservatiorcrop rotation
9 Srip cropping

1 Contourbuffer strips

Sediment Controk Structural (additional practices to trap or contain erosion)

M1 Sediment basins
1 Water andsedimentcontrol basin

Irrigation Systems & Management (prevent erosion)
1 [Irrigationsystems andnanagement
Riparian Areas & Surface Water Protection (address temperature)

1 Riparian area protection
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Practices to address Other Water Quality Concerns

In addition to concerns about water quality impacts from erosion and surface water runoff that
might be addressed by tille and residue management and supporting practices, producers
may have other water quality concerns for their operations. Practices that adfdotestial
concerns related tpesticdes, nutrients, andemperature as well as other potential water
guality concerns will be addressed in other chapters of this guidanarrently under
development.
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Chapter 1AppendixPart A:Effectivenesssynthesis

This section examines how various tillage practices differ in terms of their overall effect on
erosion and eil health. The intent is to provide information on which practices are more
protective from a water quality perspective, and to describe how Ecology arrived at the tillage
and residue management gctices recommended ithis guidance.

Conventional tillag practices result in high soil disturbance with little retention of surface crop
residues decreasing water infiltration and increasing surface runoff, elevating erosionTages.
loss of soil through erosion can have significant impacts to aquatic reseur receiving

waters. Sediment fills the interstices of stream gravels, which is critical habitat on an ecosystem
level, fromprimary production to fish spawning (Tarzwell, 1953). Habitat, along with the
organisms it supports, once lost is difficultrestore. Sediment also serves as a vector for

nutrient and pesticide transport, further compounding-site environmental impacts.

Tillage and residue management practices that minimize erosion can address the following
pollutants

Table 3Common poiitants addressed by the recommended practices in Chapter 1 of the
guidance.

Pollutant Addressed by
Recommended Practice!

Sediment \%

Nutrients \Y

Pathogens \%

Temperature

Pesticides (Toxicants) Vv
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This analysis will focus on how varying levels of restdwer, a surrogate for tillage practices,
affects erosion rates and the retention of soil organic matter.

Erosion

Erosion is defined as the displacement or lossodffrom a field to an offsite location through
wind or water forces. Erosion rates arependent on soil characteristics, exposure (vegetative
cover), slope, and the magnitude, intensity, and duration of precipitation and wind. Of these
factors, the exposure of soil is a major determinant in the relative rates of erosion for a given
crop andlocation. For this reason, tillage intensity and the resulting level of residue cover are
critical factors in evaluating the soil vulnerability to erosion, especially during the hdorest
planting period. Residue shields the soil surface from direct itnpfgarecipitation that can

result inparticle detachmentnd the initiation ofsheet erosionResidue coverage also
increases the surface complexity asutface flow pathwaysvhichreduce surfacerunoff
concentration, facilitating its infiltration.

TheN G dzNF £ wSaz2dz2NOSa /2yaSNBIFGA2Yy { SNBAOSQa obw
(RUSLE2) model is commonly applied to estimate wggeerated sheet and rill erosion while
wind-generated erosion is estimated with the Wind Erosion Prediction SystemS)VHfese
estimations can assist in understanding the soil loss tolerance factor (T) which serves as a goal
for conservation planning. The T factor is a reference condition of the maximum average annual
rate of erosion in agricultural lands, applied by thBCS. It tends to range betwee® 1
tons/acreyear (2.211.2 Mg/hayr) andis not set based on edite environmental impacts

ratherit is set based on the maximum rate of annual soil loss that will permit crop productivity

to be sustained economically amtlefinitely for a given soil. This soil loss can occur from either
wind- or water-generated forces, but in the evaluation of T, the sources are considered
separately. Assuming a soil bulk density of 1,200 Rgasoil loss of 2:21.2 Mg/hayr (1-5

t/ac-yr) equates to a soil depth of 0.2 to 0.9 mm per year.

Within croplands, the replacement of soil lost to erosion comes primarily tnmp-related
organic decompositiofand amendments)Based on a global assessment of erosion and soil
production rates, mdian rates of soil production are estimated at 0.017 mm/yr, an order of
magnitude lower than the lower range of T (Montgomery, 2007).

Median erosion rates associated with conventiehale agricultural practices are estimated at
1.5 mml/yr, two orders of ragnitude greater than soil production estimates. In comparison,
median erosion rates associated with conservati@sed practiceswhile 95% lower at 0.08
mm/yr, in comparison to conventional practiceare still about five times greater than the
estimated rate of soil production. These differences underscore the importance of minimizing
erosion.
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Not only does erosion typically exceed replacement, but it disproportionately removes soil from
the uppermost productive (organic) portion of the soil horizos VAll be discussed, soil organic
matter levels are difficult to maintain and slow to build even under high residue conservation
based cropping systems.

Residue Coverage and the Rate of Wgtarerated Erosion

There tend to be two study approaches usedemtexamining the relationship between tillage
and associated residue management practices and their combined effect on-gexterated
erosion. The most common approach applies simulated rainfall, controlling for its intensity and
duration, soil type, aredength, and slope while varying tillage type and (or) residue coverage
levels. The other variation is to examine actual runoff from fields under natural rainfall
conditions while quantifying relevant variables. The first approach allows for a tighter
parameter control and generates more significant types of relationships; whereas the latter
approach, due to varying levels of rainfall intensity and duration, tends to have increased
variability.

For instance, under natural conditions, a few rainfall everitsigh intensity could generate the
majority of annual erosion. There are benefits and drawbacks in ajg@ytimer study

approaches. Given these varying approaches and widely disparate study settings, when
examined collectively, the common comparativetnic is the percent reduction in erosion

from a baseline bare soil condition (representing conventional tillage practices) to that derived
by varying tillage and (or) the residue leuw@presentedas percent cover or dry weight

biomass). The relative pegnt reduction in erosion serves as the dependent variable, whereas
independent variables are percent residue cover and residue dry weight yield.

Figures 2 and 3 present a compilation of data from several studies that examined the
relationship between sbresidue cover, on a percent and dry weight biomass basis, and its
effect on controlling runoff generated erosion. A thrpeint moving average was applied to
these data to characterize their relationships graphically. (More information on these cited
studies are included at the end of this section.)
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Figure 1. Relationship between surface residue cover and its effect on the relative level of
erosion control.

In both Figures 1 and 2, there is a positive relationship between the level of residue (exlpresse
as either percent cover or biomass) and the level of eroswortrol. Greater residue cover

results in greater erosion control. As previously discussed, conservation tillage is typically
defined by a 30% minimum pekarvestto-planting, surface residueover level. From Figure 1,

a 30% surface residue cover results in a relative erosion control level of about 80%. Above 30%,
increasing levels of residue bring smaller increases in erosion control (a flattening slope of
diminishing returns). Coverage lesdielow 30% bring a steep decline in erosion control.

Because these relationships are based on a relative level of erosion control, context is
important. Potentially, even with an 80% control level, if the actual bare soil erosion yield was,
for instance 14 tons per acre per year (t/ag) (a level not uncommon to the Palouse dryland
wheat region in Washington), the estimated sediment loss would still be in the upper end of
typical levels of T, the soil loss tolerance factor. An overall reduction le98P6fis required to
achieve the typical low end of T at 1 t/gg, which likely could be achieved only through low

soll tillage disturbance with high crop associated residue production (i.€illno
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Figure 2. The relationship between surface residoiemass and its effect on the relative level
of erosion control.

Soil Organic Matter

Soil organic matter is a complex of heavily decomposed plant and 4migemism tissue most
prominent within the upper few centimeters of the soil horizon, typically esgnting 16% of
the composition of the upper soil layer. It provides a steady supply of nutrients to crops and
serves as an important indicator of many beneficial soil quality outcomes, all of which are
dependent on maintaining a diverse soil microbiadgestem. Tillage practices can significantly
affect soil organic matter.

Residue management directed toward maintaining soil organic matter improves both soil
structure and crop vitality. Within croplands, both surface and subsurface residues (roots) serve
as primary sources of energy and nutrients that facilitate microbial cellular growth and stabilize
soil organic matter content. Indicators of improved structure are reduced compaction and
increased moisture retention and infiltration. Additionally, satj@nic matter serves as a

source of nutrients, enhances cation exchange capacity, and provides a more diversified
microbial soil population, which reduces the dominance of pathogenic forms.

The microbial population, its diversity and relative size, isesged based on the level of
residue availability, its placement within the soil matrix, and its state of decomposition.
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Therefore, a key factor for facilitating a diverse soil microbial population is maintaining a steady
supply of surface organic residsigvhile maintaining living plant root systems. Residue quality,
typically described in terms of carbon to nitrogen levels, is an additional controlling factor
(accounting for site specific soil characteristics and climatic conditions).

Higher surface sodlisturbance adversely effects soil organic matter formation in several ways.

It affects the diversity of soil microbial assemblages through direct habitat and physical impacts,
particularly for longetived forms of mycorrhizal fungi. (Mycorrhizal fungvk a critical role in

soil macreaggregate formation, the foundation of soil structutdoorman, 2009). The
maintenance of soil structure is a critical component to stabilizing soil organic matter. Higher
disturbance leads to higher levels of residue aljincreasing both decomposition rates and
carbon loss. Slower rates of organic decomposition lead to more diverse and stable microbial
populations and the maintenance (and potentially the increase) of soil organic matter levels.

Effects of Tillage on B®rganic Matter

Tillage disrupts the complex interaction between fungi, bacteria, worms, and crop (surface
plant) root systems. Lower tillagelated soil disturbance allows for these complex
relationships to develop, enhancing overall soil health.

Tilage Disturbance

There is no natural system process equivalent to the residue bdeedmposition processf
conventional tillage/residue management practicksnatural systemsplant residues are
deposited to the land surface where decompositiben takes place. Surfadeased residue
retention, in comparisorto burial, has a slowerate of decompositionThough not fully
understood, the rate of decomposition has bearing on the level of soil organic matter retained
(This outcome is likely a result @sidue placement and soil disturbance levelhis has the
combined effect of depressing large swarfgoom and bust) in bacterial populations while
facilitating a greater diversity of other heterotrophic organisrsisce each exploits particular
niches n the decomposition/soil organic matter generation and retention procesEeis is a
important factor as to why certaitow disturbancéillage practicessuch as ndill, tend to have
more diversified micrarganism(mycorrhizalfungi) and macreorganisn (i.e., earthworm)
populations. Of equal importance is that surface retention of residues is associated with lower
tillage disturbance practices.

Residue Loading Required to Maintain Soil Organic Matter

There are a variety of factors that influence tlegel of soil organic matter generated from crop
residues including:

1 Climatic factors, particularly as they relategoil temperature and moisture;

T ¢KS LJ NI AOdzt I NJ ON&idJQa OF Nb2y (2 yAGNRISY N
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1 The quality of the solil for its mineral fractions of sdlay, and sad (texture);

1 Tillage practices and cropping strategies (i.e., maintaining activestagattures through
cover crops); and
1 The existing or reference levels of soil organic matter, the basis of comparison for
measuring the effect of chang@s management.

While recognizing the importance of these variables, the relationship between the level of
residue loading to the land surface and its effect on the average annual increase in soil organic
carbon was examined (Figure 3). (Surface residaéihg, as biomass, is a more relevant

variable for examining soil organic carbon, as opposed to percent cover, a more relevant metric

for examining erosion.)
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Figure 3. The residue loading rate in relation to the increase in soil organic carbon (SOC)

under no-till.

A threepoint moving average was applied to these data to characterize their overall

relationship. To control for the influence of tillage practices, only data collected undgit no
practices was considered.

Referring to Figure 3, whilereBloy AT Ay 3 (G KS KA 3IK
low level of increase in soil organic carbon (SOC) occurs in relation to residue loading.
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The overall median increase in soil organic carbon generated from crop residue is around 0.09
Mg C/hayr for each Mg/ha of residue applied. Assuming a typical residue carbon level of
around 45% indicates a carbon loss of around 80%, further underscoring that the level of
carbon loss is significant and that margins for its storage in soil are low,uexer naetill

practices.

Among the studies used to generate Figure 3, several also examined the relationship between
soil organic carbon and residue loading for conventigppeé tillage (Figure 4 he results for

no-till and conventional tillage aredbh included with each individual study depicted by a
common symbolNc-till data points have unfilled symbols while those for conventional tillage
are filled.A threepoint moving average was used to depict each relationship.

For natill, as expected, icreased residue loading results in an increase in soil organic carbon
(similar to Figure 3) with an overall median increase of around 0.08 MgyCie Mg/ha of
residue applied. However, even with-tit), there is a flattening of this overall relationgh As
residue loading increases, there is proportionately less carbon transferred to soil likely due to
increased carbon dioxide gas emissions. Carbon transfer efficiency appears to decline with
increasing residue loading, likely due to increased bictdgespiration requirements.

For conventional tillage, the overall median increase is about half that found folil ab0.04

Mg C/hayr retained in soil per Mg/ha residue applied. However, the overall trend is relatively
flat throughout the range in redue loading considered, hovering around 0.2 Mgilrawhich
indicates that increased residue loading has little effect on soil organic carbon levels.

Considering these data, the median level of residue carbon retention in soil fit and
conventionatillage are 16% and 8%, respectively (Figure 5). (Relationships are depicted with
logarithmic trendlines.) Through the range in residue loading considered, carbon retention for
no-till reaches a minimum at around 10% (90% carbon loss). In comparisbancatention

under conventional tillage reaches this minimum at a 70% lower residue loading level.
Presumably, the lower carbon retention associated with conventional tillage is due to increased
decomposition rates from residue burial, along with thesla$ soil structureThe end result

being, for what is already an inefficient process for carbon transfer efficiency, even under
optimum conditions and practices minimized or negad under conventional tillage.
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tillage.

Publication 2610-008 March 2020 2la



Overview of Cited Studies

Residue Cover Reduceasdton

As notd previously, numerous studies have found that eb@sed residue cover provides

effective erosion control. Figure 6 includes data from several of these studies and presents the
relationship between the percemtductionsin erosion, for varying leveld cesidue cover, in
relation to the soil loss observed had no residue been present. The bare soil condition is
synonymous with conventiondypes of tillage that often result in complete soil inversion with

the majority of postharvest residue buried. (gynopsis of the relevant metrics from these

studies and others included in Figures 1 through 5 are indwudehis end of the section.)

Within figure 6, two lines display the overall trends of the data: the btadhed line

represents the bestit relationship of the majority of the cited data, whereas the orange

dashed line represents the best fit relationship for wheat residue and erosion reduction for the
dryland regions of the Pacific Northwest (McCool, 1995). When the full suite of data are
consideBRX Ff2y3 gAUK GKS aaz20AFdSR o6Said FAOG (NE
coverage of soil has a fairly predictable effect on thetnedelevel of erosion control.

The level of erosion control is based on a relative comparison, whidhyishese data provide

a close relationship despite being collected from often quite different locations, soils, and crop
settings. The reference condition is the level of erosion that occurs at the specific study location
for a bare soil condition in rei@n to reductions occurring as a consequence of increased

residue cover. While the amount of soil loss found for the bare soil condition varies among
these studies, the relative level of its control, as a consequence of increased residue cover,
share a gnilar response.

Overview of Cited Studies

The majority of these studies used a grhesed residue, though varying in type. Crop residue
types included: sorghum, soybean, wheat, rye, maize (corn), canola, and barley. The data are
also comprised of a cammation of simulated, modeled, and actual scenarios. Of the studies
that employed simulated rainfall, the events varied from 48 millimeters per hour (mm/hr) to 64
mm/hr (about 2 to 2.5 inches per hour), therefore tend to depict high intensity scenafios.
average slope used in these dias varied between 2 and 15%.

An assessment of soil erosion based on natural rainfall events that compattdtimaize,
analyzed at three different residue cover levels, to a conventionalplsged maize with
minima cover resulted in a 60% reduction in erosion even at the lowest 20% surfadeeaesi
level (Scopel, 2005).

Tiessen (2010) used a paired catchment approach to examine differences in generated soil loss
between conventional and conservation tillage for aigibased crop rotation in Manitoba,
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Canada under natural precipitation and runoff conditions. The study examined, in part,
whether residue cover continued to maintain soil protection for a setting where surface runoff
is generated by both rainfall and @wmelt. Over the four year study period, soil loss was most
prominent for two of the years during periods of snowmelt: one for a rainfall dominated year
and another year a combination of the two. In general, residue proved less effective during
years ofrainfall dominated runoff than snowmelt. However, though slightly lower than the
majority of the other data cited, the conservatidiied approach, even with a relatively low
residue cover level of 25%, resulted in a 50% reduction in erosion when codnjosttee
conventional tillage approach.

bel1lFdFélr O6nHAnTO FLILIXASR GKS bl Gdz2NF tf wS&a2dz2NOS
estimate soil loss for a conventional and-ilbcotton crop with a winter fallow, winter rye

cover crop sequence. Data werdleoted from experimental plots concerning the tillage

practices employed, crop sequencing, and meteorological conditions during thgdauistudy

period, serving as model input. Residue levels remained significantly highertitirgnown

cotton during both fallow (>91%) or cover crop periods (>75%) leading to an estimated

sediment export reduction of about 90% considering either scenario.

Among the simulated rainfall studies, Meyer (1970) examined the effectiveness of straw mulch
on erosion reductiorunder extreme conditions: slopes of 15% with simulated rainfall events of
6.4 cm/hr (2.5 inches per hour). As a result, these data tend to have a slightly lower level of
SNRPaA2Y O2yGNRBf TFT2NJ SljdzA @+t Sy NB &dhdgedzS t SOSt a
However, even given these extreme settings, these data do not substantially deviate from the
overall trend through the full data set considered. For instance, a 34% residue cover still
resulted in about a 65% level of control despite the extreitirsy. In comparison, the other
studies found about an 80% relative erosion control level at similar surface residue levels. In
addition to examining soil loss, assessment metrics included in this study were average flow
velocities and net infiltration As is commonly found with these types of studies, decreased
erosion was associated with increasing residue cover levels through the protection of soil from
the impact of rain drops. In addition, the residue matrix increased flow (runoff) path
complexity,decreased the effective land slope andrunoff velocity resulting in particle
deposition within the residue while allowing for increased water infiltration.

Woyessa (2004) examined the relationship between varying types of tillage and residue levels
and itscombined effect on soil loss. The tillage types includetilhonulch till, and

conventional tillage with wheat being the residue cover type. The simulated rainfall was
delivered at a high intengjtrate of 60 mm/hr (2.4 in/hr).

The study approach reoved existing residue from the plots for all three types of tillage
practices examined and replaced them with similar residue cowvetdeof 0%, 62%, 76%, and
92%.
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On average, considering the results of the tillage practices examined, a residue codes of 7
was recommended to ensure higher rates of infiltration and lower runoff resulting in about a
90% control of soil loss.

Gilley (1986) also employed a simulated rainfall olased analysis approach to examine the
relationship between varying levels ofsidue cover and erosion control. The residue used was
sorghum and soybean. The effect of each residue type on erosion control was examined
separately. The simulated rainfall event used was 48 mm/hr (1.9 in/hr). A similar soil tillage
method was appliedo each plot with five levels of residue cover applied to them varying
between 4% and 82%. Similar to the other studies was the finding that reduced soil loss rates
were associated with increased infiltration and that consistent reductions in soildegied

from increased levels of residue cover. No net runoff and, therefore, soil loss occurred to
residue cover at and above 72% for either residue type.
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Figure 6. Relationship between surface residue cover and its effect on the relative level of
erosion control.
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Meta-data, Figures-b

Figurel. Residue coverage vs relative erosion rate

Citation Study Location Rainfall Tillage Residue Type Soil / Texture Slope
Type* Cover %
Gilley, 1986 Lincoln, NE Simulated, CT Sorghum, Soylzan Typic Argiurdolls 6.4%
48 mm/hr + 24hr later 0, 11, 22, 31, 50, 77 ===
0,4,17,26,44,72
Meyer, 1970 W. Lafayette, IN | Simulated Harrow | Wheat Typic Hapludalf 15%
63.5mm/hr, 1 hr + 0, 34,49,71,92,95% | ===
2 x 30min 24hr later
Nyakatawa, 2007| Belle Mina, AL Simulated (RSLE2) NT, CT | Cotton (winter rye Decatur silt loam 1.5%
cover) ===
38, 70
Scopel, 2005 Jalisco, MX Actual NT,CT | Maize Dystric Cambisol 3-7%
0, 20, 30, 40 61% sand, 15% clay
25% loam (silt)
Tiessen, 2010 Manitoba, CA Actual CT,NT | Canola, barley, whéa | Dark Grey ===
25, 30, 41, 53 Chernozems
Woyessa, 2004 | SA Simulated, NT, MT, | Wheat Bainsvlei Amalia ===
60mm/hr CT 0, 62, 76, 92 88% sand, 3.6% silt|
8.4% clay
*CT=conventional tillage; NT=#itl, MT=mulch till
Flgure2. Reside coverage as bionmsss relative erosion rate
Citation Study Rainfall Tillage Residue Type Soil Type / Texture Slope
Location Type* Amount Applied
Gilley, 1986 Lincoln, NE Simulated, CT Sorghum, Soybean Typic Argitdolls 6.4%
48mm/hr + 24 hr 0,0.84, 1.68, 3.36, 6.73| ===
later 13.45 Mg/ha
Jordan, 2010 Cadiz, ES Simulated NT Wheat Fluvisol (loam) ===
65mm/hr for 30min 0,1,5,10,15 Mg/ha ===
Lal, 1997 NG Actual NT, CT Rice straw Ibadan Series 8%
0, 1,2,3,4 Mg/ha ===
Meyer, 1970 W. Lafayette, | Simulated Harrow Wheat Typic Hapludalf 15%
IN 63.5mm/hr, 1 hr + 0, 0.56, 1.12, 2.24, ===
2 x 30min 24hr later 4.48, 8.96 Mg/ha
Mostaghimi, 1992 | Blacksburg, Simulated, NT, CT Rye Groseclose Series 8-15%
VA 100mm @ 50 0, .75, 1.5 Mg/ha 23.2% clay, 58.9% silt,
mm/hr 17.9% sand
Woyessa2004 SA Simulated, NT, MT, CT| Wheat Bainsvlei Amalia ===
60mm/hr 0, 2, 4, 8 Mg/ha 88% sand, 3.6% silt,
8.4% clay
*CT=conventional tillage; NT=#idl; MT=mulch till
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Figures 3, 4, 5Soil organic carbon

Citation Study Location Study | Tillage Residue Type Soil / Texture / Sample Slope
Period | Type* Amount Applied
BlanceCanqui, 2007 | Columbus, OH 10-yr NT Wheat (surface) Crosby silt loam 1%
0,8,16 Mg/ha ===
0-5cm
Duiker, 1999 Columbus, OH 7-yr NT, CT, R1 Wheat Crosby silt loam ===
0,2 4,8, 16 Mglhgr | ==
0-5cm
Halpern, 2010 Quebec, CA 16-yr NT, RT, C7 Corn (surface + stubble] Sandy loam ===
9 Mg/ha 82% sand, 8.9% silt, 9.6% clay
0-5cm
Lenka, 2013 Columbus, OH 15yr NT Wheat (straw) Silt loam Alfisol ===
0, 8, 16 Mg/ha ===
0-10cm
Nawaz, 2016 Colunbus, OH 26-yr NT, CT Wheat Crosby silt loam ===
0, 4 Mg/ha ===
0-15cm
Scopel, 2005 Jalisco, MX 5-yr NT, CT Maize Dystric Cambisol 3-7%
0, 1.5, 4.5 Mg/ha 15% clay, 25% loam, 61% sand
0-10cm
Spedding, 2004 Quebec, CA 9-yr NT, RT, C] Corn Caurval sandy loam ===
2.3, 7.1 Mg/ha ===
0-10cm
*CT=conventional tillage; NT=#idl; MT=mulch till
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Establishing Recommendations

These tillage guidanceecommendatiors consideredhe relationship between the level of

residue maintained on fields ants effect oneroson control.Because it is impossible to
completely prevent all erosion and surface water runoff solely using tillage and residue
management practicesur goal is twofold: (1) identify tillage and residue management
practices that are effective at protectywater quality and; (2) establish the recommendations

at a level that ensures any remaining erosion can be further controlled by supporting practices
such as sediment trapping, pollution filtering, and riparian area protection.

There is a positive relatship between the level of residue and the level of erosion control.
Greater residue coverage results in greater erosion cornittolWwever, this relationship isot

linear. At about 30% surface residue cover there is an inflection gooverage levels @y

30% bring a steep decline in erosion conttiile levels above 30% providenaller increases in
erosion controlCommonlya 30% surface residue covpresent at the time of plantings used

to differentiate between conventional and conservatibasedtillage practices While this point
does provide a clear dividing lindgpending on a variety of factors, even at a residue coverage
of 30% arestimated net sediment loss from fields can still be significardviding no margin of
safety to water quali protection For this reason, it is recommended that a minimum of 60%
residue cover is present at the time of planting.

Recommending minimum 0f60% residue coverage provides a more conservative lower end
limit. It achieves arffective erosion contrabf approximately 90%or more,while limiting soil
organic carbon los&Vhile residue coverage above 60% prosifte increased erosion control,
few cropscan generate enough residue to meet those levels. In addition, the types of tillage
systems that cabe utilized also beconsa limiting factor.The 60% residue goal achieves
effective erosion control while allowing for a variety of conservatiased tillage options,
encouraginggreateradoption by more farmers.

Importantly,it is anticipated that addibnal supporting BMPs will be requiréal be fully
protective of waterquality. It is expected that Ecology widvisit thesetillage
recommendations ift is foundthat the suiteof practicesas a wholeare found to not provide
the level ofwater qualty protection requiredandthat additionalpollutant control measures
are needed.

For low residue crops a slightly different approa&hecessaryThe recommendations still

center on minimizing tillage to theaximumextent possibleHowever,Ecologyrecognizesthe

needto take additional steps because the recommended residue levels are not achievable for
those operations. With the added risk of erosion that is present, the guidance also recommends
maximizing the production of residue within the overalation, supplementing residue with

cover cropsand using practices that can trap sediment.
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